In general the problem of interpreting the three-dimensional structure of an object from an X-ray image is a difficult one 1 . This is due to the almost complete absence of depth cues in a typical radiograph containing as it does only shape and grey scale information. The spatial information usually encountered in two-dimensional images, for example photographs, is missing. Psychological depth cues such as linear perspective 2 , occlusion and so on are usually present in reinforcing combinations in photographs.
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In order to provide X-ray images with spatial information an X-ray technique has been developed which introduces the powerful physiological depth cue of binocular parallax into the image. This system was originally designed to assist in the interpretation of X-ray images routinely encountered by operators using standard 2-D X-ray systems for the screening of passenger baggage at airports.
The solution to the problem is not however specifically confined to it but is in fact more general in nature. Indeed theoretical designs have already been proposed for other X-ray screening applications including mammography.
The 3-D X-ray technique
The principle is based on the use of linear array X-ray detectors. In the normal 2-D mode of operation a collimated curtain of X-rays is derived from an X-ray source and targeted onto the linear detector (see Fig. 1 ). Relative movement is introduced between the X-ray beam and the object to be imaged which causes a 2-D image to be built up as the linear detector scans in synchronism with the speed of movement. The digitised image data is captured and processed using a frame-store and associated electronics. In order to provide a stereoscopic view of the object a second perspective view must be acquired. An obvious solution to this would be to use a second X-ray source/detector combination. This would be cumbersome, expensive and require some matching of the X-ray source characteristics.
A more elegant solution has been to derive two collimated beams from a single source and to use two linear array detectors (see Fig. 2 ). In order to accurately reconstruct the 3-D image of the object being screened it is vital to design the machine geometry and timing electronics from a knowledge base of fundamental stereoscopic theory. A general design methodology has been derived which provides a solution to these inter-related spatial and temporal problems. A number of working systems have been produced using the simple geometry described 3 . Later developments have involved the use of folded linear array detectors having materials identification (organic/inorganic) capability 4 . The X-ray source characteristics such as spectral output and detector parameters such as resolution and sensitivity have been optimised for the security application being addressed. However, since linear array detectors are now available for use in a wide range of medical 5 and non-destructive testing roles then it follows that stereoscopic imaging systems based on the principle described are also possible. For example the theoretical design of a mammography machine is shown schematically in Fig. 3 . Other designs for use in cargo screening and nuclear waste classification have been proposed. 
Coordinate measurement
The extraction of three-dimensional coordinate data from stereoscopic displays, known as photogrammetry, is a mature technology 6 . Algorithms have been developed 7 which are specific to this new X-ray imaging geometry and enable coordinate and volumetric information to be obtained. The use of linear arrays in the method described means that image distortion due to the point source nature of the X-ray generator only occurs in the vertical y-axis of the image. The horizontal x-axis, which in turn controls the depth or z-axis is not affected by this problem. This is clearly a major advantage of this technique.
Solid image models
Work that is currently being undertaken relates to the alternative visual presentation of information derived from the stereoscopic X-ray equipment.
Computer generated solid image models, or 2 ½-D images as they are sometimes referred to, are finding increasing use in computer aided design situations, virtual reality displays and so on.
Using these 2 ½-D representations it is possible to manipulate the image information in a number of ways which provide alternative views of the same object. Examples are image rotation and layer removal. These display techniques have proved particularly beneficial for the viewing of images derived from computed tomography (CT) and magnetic resonance (MR) scanners, which are now widely used by the medical profession. Both of these types of scanners produce information in a slice by slice format and a great deal of software has already been developed to convert this multiple slice information into the volume rendered 2 ½-D representation.
It has been shown by the Nottingham research group 8 that a stereoscopic image in video format can be considered to be a series of depth planes or slices. Once this depth plane information has been obtained in one manner or another then it can be used to interface with software available for the reconstruction of slice data from CT or MR scanner type systems to produce 2 ½-D models.
An advantage of the technique is that, despite starting with a stereoscopic image rather than a multiple slice image, a reconstruction can still be made automatically in software to produce a 2 ½-D display with all its current features. The net result is both a full binocular stereoscopic image (3D) and also a 2 ½-D solid model reconstruction derived from it.
This new technique has been successfully applied to images obtained from the 3-D X-ray equipment previously described. In the first instance slice data was identified by a manual technique.
Work is currently underway in Nottingham to automate this process. A fully operational system suitable for trials is intended as the next outcome of this research programme.
